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(54) System and method for inserting circuit boards in tight spaces 

(57) A retainer frame for holding a standard printed 
circuit board or other electronic card is sized and adapt- 
ed for insertion and removal in tight places. In particular, 
the retainer frame, together with an actuator bar, is em- 
ployed in conjunction with a cabinet with guides and a 
stop mechanism to produce an initially horizontal inser- 
tion motion followed immediately by a vertical motion 
during which electrical connection is made between the 
card and a corresponding connector in the cabinet. 
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Description 

Background of the Invention 

The present invention is generally directed to a 
frame and cabinet arrangement which permits electron- 
ic circuit boards to be inserted without the need to open 
a cabinet to do so. More particularly, the present inven- 
tion includes a frame for holding a printed circuit board 
so that it may be inserted into a slot in a first, horizontal 
direction and, upon hitting a stop mechanism, it is then 
made to move at right angles to the first direction so as 
to directly insert an edge connector or similar connector 
into an appropriately corresponding mating connector. 
Even more particularly, the present invention provides 
a system and method for inserting electronic circuit 
boards associated with personal computers or other 
electronic equipment into appropriately designed and 
mating cabinetry without having to take any of the cov- 
ers off. The present invention also includes a case or 
cabinet which is suitable for use with the frame and cir- 
cuit board assemblies of the present invention. 

The insertion and removal of electronic circuit 
boards in personal computers and/or other electronic 
equipment has, over the years, been associated with the 
necessity to remove the surrounding cabinetry or covers 
so that the board may be plugged directly into a mating 
socket on a mother board. This insertion and removal 
process, although necessary, is time consuming and un- 
necessary. 

Other individuals have tried but failed to provide a 
mechanism which produces the most desirable relative 
motion between the cabinet and the circuit board which 
is to be placed in or removed from operation. In partic- 
ular, it should be appreciated that the ideal motion of the 
circuit board with respect to the connector is one in 
which the board moves perpendicular relative to the 
plane with a connector so that, for example, card edge 
connectors are inserted directly without horizontal 
movement accompanying the contact. For example, in 
United States Patent No. 3,869,185 issued to Teagno, 
an insertion mechanism is provided based upon cam ac- 
tion. However, it is noted that this arrangement results 
in the contacts and the connector moving in a non-per- 
pendicular fashion with respect to one another at the 
point of contact. This is undesirable in that it produces 
unnecessary friction and limits the nature of the connec- 
tors which may be employed. In particular, pin connec- 
tions are unsuitable in this arrangement. Similarly, the 
design shown in United States Patent No. 5,366,385 is- 
sued to Treleaven is also undesirable in that the ultimate 
connection between contacts on a board and a connec- 
tor is made via a rotational movement rather than via 
direct insertion of the (male or female) connector into its 
(respectively corresponding female or male) mating 
counterpart. 

One of the major problems associated with elec- 
tronic equipm nt which employs pluggable circuit cards 
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is that there is an implicit requirement that there be room 
for insertion of one of these cards. In particular, the as- 
sumption is that the card must be inserted perpendicu- 
larly to its mating connector. It is also typically assumed 
5 that the distance that the card must be moved in the per- 
pendicular direction is at least equal to the height of the 
card to be inserted. However, this assumption is over- 
come in the present invention which only requires a con- 
nector's the height (shortest printed circuit board direc- 
10 tion) for interconnection. This is particularly true for cir- 
cuit boards conforming to PCI, AIB, ISA, EISA or MCA 
Standards. While the present invention is particularly di- 
rected to electronic circuit cards conforming to one or 
more of these Standards, it is not limited hereto and is 
*s applicable to any electronic circuit board with a connec- 
tor along the edge which is to be inserted directly into a 
mating connector especially when in tight spaces. 

Disclosure of the Invention 

According to one aspect, the present invention pro- 
vides a printed circuit board assembly comprising: a 
printed circuit board having at least one connector along 
a first edge of said printed circuit board; a retainer frame 
into which said printed circuit board is inserted, said re- 
tainer frame having a side piece, which has an outside 
edge, said side piece being disposed on said retainer 
frame opposite said printed circuit board connector, said 
side piece having at least one slot in the side thereof, 
said slot being at least partially open at one end thereof 
at said outside edge of said side piece, said slot also 
being oriented so as to slope away, for at least some 
distance, from said inside edge of said side piece; and 
an actuator bar having a substantially U-shaped chan- 
nel therein, said actuator bar also having at least one 
side wall at least partially defining said channel with at 
least one protrusion extending from said sidewall, said 
protrusion being disposed so as to be insertable into 
said slot through the open end of said slot, said actuator 
bar being disposed so that said substantially U-shaped 
channel at least partially accommodates the insertion 
therein of said retainer frame side piece, whereby the 
movement of said actuator bar in a first direction sub- 
stantially along said outside edge of said side piece 
eventually produces relative motion of said board and 
said frame in a second direction substantially perpen- 
dicular to said first direction so as to cause mating of 
said connector. 

According to a second aspect, the present invention 
provides a frame for holding a printed circuit board which 
has at least one connector along an edge of said printed 
circuit board, said frame comprising: a side portion 
which has an outside edge and an inside edge, said sid 
portion having at least on slot in the sid ther of, said 
slot being oriented so as to slope away, for at least some 
distance, from said inside edge of said side portion, said 
at least one slot being open at least at one end thereof 
at said outside edge; and at least two arms extending 
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from said inside edge and terminating in arm end por- 
tions having at least one slot therein which is open in a 
direction facing said side portion, whereby said printed 
circuit board may be held in said slots in said frame arm 
end portions. 

In accordance with a preferred embodiment of the 
present invention, a frame, for holding a printed circuit 
board having at least one connector along its edge, in- 
cludes a side portion which has an outside edge and an 
inside edge. The side portion has at least one slot there- 
in which is oriented so as to slope away, for at least some 
distance, from the inside edge of the side portion to- 
wards the outside edge of the side portion. The slot is 
open at least at one end thereof. The frame also in- 
cludes at least two arms extending from the inside edge 
of the side portion and terminating in arm end portions 
having at least one slot therein which is open in a direc- 
tion facing inwardly. The arm end portions in particular 
provide a mechanism in which a printed circuit board is 
held in the frame between the outside edge portion and 
slots in the arm ends. The frame holder is particularly 
suited for holding a plurality of different printed circuit 
boards and is particularly useful in those situations in 
which they possess standard dimensions. 

In preferred embodiments of the present invention, 
the combination of the circuit board in the above-de- 
scribed frame are used in conjunction with an actuator 
bar which possesses a substantially U-shaped channel 
into which the outer edge of the side portion is inserted. 
The channel of the actuator bar also possesses at least 
one pin or other protrusion which extends interiorly from 
the side wall of the channel and is positioned for slidable 
insertion into an angled slot in the frame. The actuator 
bar also preferably includes exteriorly disposed, elon- 
gated support tabs for insertion into a corresponding 
cabinet guide. 

In operation, the printed circuit board, the frame and 
the actuator bar assembly are inserted into a slot in the 
cabinet or case so that the support tabs enter corre- 
sponding guide rail slots from which the assembly is es- 
sentially suspended. The frame arm end portions also 
preferably assist the guidance of the assembly into a 
slot and further act to prevent cantilevering or other jam- 
ming motions of the assembly. The frame and circuit 
board are then inserted further into the cabinet slot until 
a stop mechanism precludes further horizontal motion. 
At this point, inward pressure on the actuator bar urges 
the connector on the frame and printed circuit board as- 
sembly in a direction perpendicular to the horizontal di- 
rectly into a mating electrical connector so that electrical 
connections are made between the circuit board and an 
underlying mother board or other similar device. 

According to a third aspect, the pres nt invention 
provides a cabinet for inserting th r in at least on print- 
ed circuit board, said cabinet comprising: a floor; a ceil- 
ing substantially parallel to said floor; walls affixed to 
said floor and to said ceiling for holding said floor and 
said ceiling in a fixed relative position; at least one elon- 
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gate connector disposed on said floor; at least one guid 
with a slot therein, said guide being disposed on said 
ceiling so that said slot is above and aligned with said 
elongate connector, said slot in said guide including a 

5 groove therein oriented in a direction substantially per- 
pendicular to said guide slot. 

Thus, in conjunction with the frame and actuator bar 
assembly of the first two aspects of the present inven- 
tion, a cabinet which is specifically usable for use with 

10 the retaining frame is also provided for by the third as- 
pect of the present invention. This cabinet includes floor 
and a ceiling which is (in general) substantially parallel 
to the floor The cabinet also includes walls (or other 
means as needed) which are affixed to the floor and to 

is the ceiling for holding the floor and the ceiling in fixed 
relative position to one another. The cabinet also in- 
cludes at least one (typically elongate) connector dis- 
posed either directly or indirectly on the floor of the cab- 
inet. In particular, the floor of the cabinet may also in- 

20 elude a mother board or other similar device for circuit 
interconnection. Additionally, at least one guide is dis- 
posed on the ceiling portion of the cabinet so that the 
above-mentioned support tabs on the actuator bar can 
engage corresponding slots in the guide so as to provide 

25 suspension and guidance lor the assembly as it is in- 
serted into a cabinet slot. 

Accordingly, the present invention provides a sys- 
tem for inserting a circuit board into a tightly spaced vol- 
ume with access only being provided from one side. Cir- 

30 cuit board insertion is accomplished by means of a final 
motion which is perpendicular to the direction of circuit 
board insertion. 

The present invention thus provides the inserting of 
printed circuit boards without the concomitant problems 

35 associated with insertion cantilevering and jamming. 
The retaining frame (and/or actuator bar combination) 
easily accommodates transport and insertion of printed 
circuit boards. 



The invention may best be understood by reference 
to the following description taken in connection with the 
accompanying drawings in which: 

Figure 1 is an isometric exploded view illustrating 
the frame actuator bar and printed circuit board as- 
sembly of the present invention; 

Figure 2 is a view similar to Figure 1 more particu- 
larly illustrating the incorporation of a filler card; 

Figure 3 is an isometric view illustrating the initial 
insertion of a printed circuit board ass mbly, in ac- 
cordance with the present invention, into a cabin t 
which is particularly suitabl for r c ipt of this as- 
sembly; 
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Figure 4 is a side elevation view showing a printed 
circuit board assembly of the present invention in a 
partially inserted stage during which the insertion 
motion is essentially horizontal: and 

Figure 5 is a view similar to Figure 4 illustrating a 
stage of insertion immediately prior to transition to 
a downward motion which effects an electrical con- 
nection between the circuit board and a connector 
in the cabinet. 

Detailed Description of the Invention 

In accordance with a preferred embodiment of the 
present invention, frame 10, for holding printed circuit 
board 30, includes side portion 1 4 which has an outside 
edge and an inside edge. Side portion 14 includes two 
slots, I la and lib, for receipt of pins, 21a and 21b, which 
extend across a channel in actuator bar 20. Slots lla and 
lib are sloped and are open on the outer edge of side 
portion 14. Frame 10 also includes at least two arms 
extending from the inside edge of side portion 1 4. These 
arms, 15, 16 and 17, are dimensioned in accordance 
with the width 30 of printed circuit board 30 which is 
meant to be held by frame 10. Arm extensions 15, 16 
and 17 also preferably include arm end portions 11, 12 
and 13, respectively, which include slots (not visible in 
Figure 1) for receipt of an edge of circuit board 30. 
Frame 10 is also sized in accordance with the length of 
circuit board 30 which is easily snapped into place in 
frame 10 which acts as a carrier for the circuit board. It 
should also be noted that arm end portions 11,12 and 
1 3 can also function as partial guide members when the 
assembly of the present invention is inserted into a cor- 
responding slot in a case, cabinet, panel or other elec- 
trical equipment rack. 

The present invention also preferably employs ac- 
tuator bar 20 which preferably exists in the form of a 
generally U-shaped channel as shown. It is into this 
channel that side portion 14 of frame 10 is inserted prior 
to insertion of the resulting assembly of the present in- 
vention into a corresponding equipment slot. Actuator 
bar 20 includes pin members 21a and 21 b which extend 
across the channel and which are positioned so as to 
be simultaneously insertable into slots 11a and 11b in 
side portion 14 of frame 10. Actuator bar 20 also in- 
cludes elongated side support tabs 22 on the exterior 
thereof. Support tabs 22 provide a suspension function 
associated with corresponding guide slots in an appro- 
priately configured cabinet which is more particularly de- 
scribed below and which is shown in Figures 3, 4 and 5. 

During use of the present invention, circuit board 30 
is first typically snapped into place in frame 10. At this 
point (or b for if conv ni nt), actuator bar 20 is mated 
with side portion 14 of frame 10. In this operation, pins 
21a and 21b ar insert d into slots lla and lib, r spec- 
tiv ly, and actuator bar 20 is positioned so that thes 
pins are at the bottom of their respective slots. It is in 



this configuration that the assembly is now ready for in- 
sertion into an electrical system. This insertion and a 
corresponding removal operation are described more 
particularly below. 
5 For purposes of the present invention, actuator bar 
20 preferably comprises a plated metal channel mem- 
ber with metal pins 21a and 21b. While preferred em- 
bodiments of the present invention include pins 21a and 
21b which extend entirely across the channel in actuator 
10 bar 20, it should be noted that any appropriately sturdy 
protrusion extending from the side walls of the channel 
could be used for insertion into slots lla and lib, the pri- 
mary requirement being that these protrusions be slid- 
able in their respective slots. While actuator bar 20 pref- 
75 erably comprises a metallic material, it is also noted that 
actuator bar 20 may comprise material which is plastic, 
polymeric or an appropriately sturdy composite materi- 
al. Actuator bar 20 also preferably includes push arm 23 
for facilitating assembly insertion. Along these same 
lines, it is also noted that frame 10 also preferably com- 
prises a rigid, sturdy polymeric material. 

It is also noted that printed circuit board 30, which 
is not limited in any way to any particular printed circuit 
board architecture or design, typically includes edge 
connectors such as 31 and 31a as shown. In the partic- 
ular embodiment shown in Figure 1 , circuit board 30 in- 
cludes standard connectors which are shown as metal- 
lic LAN portions present as conductive strips lying in a 
row abng edge connectors 31 and 31 a. In point of fact, 
the edge connectors may be divided in any convenient 
manner to achieve, for example, architectural compati- 
bilities with earlier architectural designs. 

Figure 2 illustrates an alternate embodiment of an 
assembly in accordance with the present invention in 
which, in addition to main printed circuit board 30, there 
is also present filler card 35. Both of these cards are 
easily snapped into place into frame 10. It is noted that 
card 35 acts as a space filler in those circumstances 
where short printed circuit cards 30 are employed. Short 
printed circuit cards 30 may also include edge connector 
portions 31 , 31 a and 31 b as shown in conformance with 
various bus architectures. 

Figure 3 illustrates the frame/actuator bar/printed 
board assembly of the present invention being inserted 
into cabinet 100. Cabinet 100 preferably includes a plu- 
rality of slots for receipt of such cards. Single-slot cabi- 
nets are not, however, precluded. In particular, each slot 
includes connector 101 which is typically attached to a 
mother board (see reference numeral 110 in Figure 5). 
Cabinet 100 includes a floor and a ceiling, and side walls 
for supporting the floor and ceiling and for maintaining 
the floor and ceiling in a substantially parallel, spaced- 
apart relationship. In fact, th essence of the cabinet is 
its floor and ceiling together with any mechanism which 
serves to hold the floor and ceiling at a fixed distanc 
apart. Cabinet 100 also includ s guides 102 dispos d 
along the ceiling of the cabinet or case. Guides 102 
(mounted typically in pairs) include slots 103 therein for 
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receipt of actuator bar support tab 22. Th se tabs 22 on 
actuator bar 20 slide into slots 103 on adjoining guides 
102 and act to essentially suspend the assembly and to 
guide it during its horizontal insertion. Additionally, it is 
noted that arm end portions 11,12 and 1 3 are also pref- 
erably sized and positioned so as to guide the assembly 
at its lower edge. In particular, arm end portions 11, 12 
and 1 3 slide between lower guides 104 which are posi- 
tioned on a mother board or on the floor of cabinet 100. 

Figure 4 is a side elevation view similar to Figure 3 
except that it illustrates a stage of insertion of the as- 
sembly into the cabinet which is more advanced. In par- 
ticular, however Figure 4 also illustrates stop or detent 
mechanism 105. Upon insertion of the assembly into the 
cabinet, actuator bar tabs 22 initially engage slots 103 
in upper guides 102. Subsequent to this, the assembly 
is essentially suspended and further insertion occurs in 
a horizontal direction until frame 10 encounters stop 
105. At this point, pressure is applied inwardly on push 
arm 23 of actuator bar 20. The presence of pins 2 1 a and 
21b in slots Ha and lib thereby cause, upon urging via 
push arm 23, the direction of motion of the assembly to 
change from the horizontal to the vertical as illustrated 
in Figure 5. This vertical motion causes insertion of edge 
connectors 31 and 31a into corresponding connector 
101 on mother board 110. 

In the reverse direction, when arm 23 of actuator 
bar 20 is pulled outwardly, movement of pins 21a and 
21 b in slots 1 1 a and 1 1 b operates to move the assembly 
in a vertical direction and to thus remove the edge con- 
nector from its corresponding (motherboard) connector. 
Further urging outward of actuator bar 20 causes a slid- 
ing motion of support tabs 22 in slots 103 of guides 102. 
In this way, the assembly which includes the printed cir- 
cuit board is withdrawn from the cabinet. 

While the figures herein illustrate a preferred em- 
bodiment of the present invention, it is noted that other 
variations may be employed without departing from the 
scope of the invention. In particular, it is noted that, while 
the figures herein indicate the presence of two slots in 
side portion 14, it is possible to use only a single slot 
and/or more than two slots. It is also noted that the es- 
sence of the vertical motion is imparted by means of an 
inclined plane. In this regard, it is possible to employ 
opposed inclined planes to affect the same motion. In 
such an arrangement, one inclined plane is present on 
frame side portion 1 4 and the other mirror image inclined 
plane is incorporated into actuator bar 20. It is further 
noted that, while the description herein has referred to 
horizontal and vertical directions, these have been indi- 
cated herein primarily for convenience only. It should be 
understood that the present invention is operable in all 
orientations. It is further noted that slots 11a and 11b in 
fram member 10 ar shown as extending entirely 
through sid portion 1 4. It is not necessary for this to be 
th cas , although, it isth preferred embodiment. Fur- 
thermore, in preferred embodiments, fram m mber 10 
comprises a single piece of moulded plastic. It is also 
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noted that the mating connectors, as shown in the draw- 
ings herein, represent the standard PC-type of dge 
connector. However, it is noted that any appropriate con- 
nector pair configuration may be employed. It is, further- 

5 more, not necessary that card 30 solely contains male 
connector parts. Any matching set of male and female 
connector pairs may be employed. 

From the above, it should be appreciated that all of 
the above-mentioned objects of the present invention 

10 have been met by the frame assembly actuator bar and 
cabinet mechanisms described and illustrated in Fig- 
ures 1-5. In particular, there is provided a mechanism 
which makes it extremely easy to insert and remove 
printed circuit boards and/or other circuit cards from a 

*s personal computer and/or any other piece of electronic 
equipment and especially from rack-mounted equip- 
ment. The insertion and withdrawal is smooth and effec- 
tive and can be accomplished in very tight spaces with 
absolutely no modifications made to the printed circuit 

20 boards themselves. It is, however, noted that it is pos- 
sible to eliminate the frame by providing sloped slots di- 
rectly in the printed circuit board itself. 

2S Claims 

1 . A printed circuit board assembly comprising: 

a printed circuit board (30) having at least one 
30 connector (31 ) along a first edge of said printed 

circuit board; 

a retainer frame (10) into which said printed cir- 
cuit board is inserted, said retainer frame hav- 

55 ing a side piece (14), which has an outside 

edge, said side piece being disposed on said 
retainer frame opposite said printed circuit 
board connector, said side piece having at least 
one slot (1 1 a) in the side thereof, said slot being 

40 at least partially open at one end thereof at said 

outside edge of said side piece, said slot also 
being oriented so as to slope away, for at least 
some distance, from said inside edge of said 
side piece; and 

45 

an actuator bar (20) having a substantially U- 
shaped channel therein, said actuator bar also 
having at least one side wall at least partially 
defining said channel with at least one protru- 

50 sion (21a) extending from said sidewall, said 

protrusion being disposed so as to be inserta- 
ble into said slot (11a) through the open end of 
said slot, said actuator bar being disposed so 
that said substantially U-shaped chann I at 

55 least partially accommodates the insertion 

therein of said retainer frame side piece, wh r - 
by the movement of said actuator bar in a first 
direction substantially along said outside dge 
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of said side piece eventually produces relative 
motion of said board and said frame in a second 
direction substantially perpendicular to said 
first direction so as to cause mating of said con- 
nector, s 

The assembly of claim 1 in which said actuator bar 
includes support tabs (22) on the exterior thereof 
for use of said tabs in guide slots. 

10 

The assembly of claim 1 in which said at least one 
protrusion comprises a pin extending from one side 
of the substantially U-shaped channel to the other. 

A frame (10) for holding a printed circuit board (30) is 
which has at least one connector (31 ) along an edge 
of said printed circuit board, said Irame comprising: 

a side portion (14) which has an outside edge 
and an inside edge, said side portion having at 20 
least one slot (11a) in the side thereof, said slot 
being oriented so as to slope away, for at least 
some distance, from said inside edge of said 
side portion, said at least one slot being open 
at least at one end thereof at said outside edge; 2s 
and 



that said slot is above and aligned with said 
elongate connector, said slot in said guide in- 
cluding a groove therein oriented in a direction 
substantially perpendicular to said guide slot. 

8. The cabinet of claim 7 in which there are a plurality 
of connectors and guides with slots arranged oppo- 
site to other ones of said elongate electrical con- 
nectors. 

9. The cabinet of claim 7 in which said floor comprises 
a mother board (110). 

1 0. The cabinet of claim 7 in wh ich a mother board (110) 
is disposed above said floor and which contains 
said at least one elongate electrical connector. 

1 1 . The cabinet of claim 7 further including a stop mech- 
anism (105). 



at least two arms (15, 16) extending from said 
inside edge and terminating in arm end portions 
(11, 12) having at least one slot therein which 30 
is open in a direction facing said side portion, 
whereby said printed circuit board may be held 
in said slots in said frame arm end portions. 

The frame of claim 4 in which said arm portions con- 35 
tain slots to permit snap insertion of said printed cir- 
cuit boards. 



The frame of claim 4 further including an actuator 
bar (20) for inserting said frame and a printed circuit 40 
board into a mating cabinet (100). 



A cabinet (100) for inserting therein at least one 
printed circuit board (30), said cabinet comprising: 

45 

a floor; 



a ceiling substantially parallel to said floor; 

walls affixed to said floor and to said ceiling for so 
holding said floor and said ceiling in a fixed rel- 
ative position; 

at I ast one elongat connector (101) disposed 
on said floor; 55 

at least one guide (102) with a slot (103) there- 
in, said guide being disposed on said ceiling so 
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(54) System and method for inserting circuit boards in tight spaces 

(57) A retainer frame for holding a standard printed 
circuit board or other electronic card is sized and adapt- 
ed for insertion and removal in tight places. In particular, 
the retainer frame, together with an actuator bar, is em- 
ployed in conjunction with a cabinet with guides and a 
stop mechanism to produce an initially horizontal inser- 
tion motion followed immediately by a vertical motion 
during which electrical connection is made between the 
card and a corresponding connector in the cabinet. 
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